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(54) [D^COfcfW X>A>XF 

(57) imv («E*> 

S*flW*xyAvxK • • 9-vt z 7*?vVWM 
yy\yxh* • ■ ^-vr^^yKsaaif^ts 

. y ? . =jvyi, ■ T9*iX ■ Xt'J ("DRAM") $§KT'«f> 
0, • Ax ■ ^-yr^^xH ("ZBT") 

ifcfcfc't'f 7*54 v ■ A-xb • x?r-f ■•/? • 9 
yVi* • T^-feX • ^=e'J {"SRAH") 4g*ft&ffi*fl-r4fc 
tf>l£ft Sixfc yXf AC^t^tS ^ i: 6 . 

y.*!-' • Ax • ^-y77-)vK • r'A^xii. i^Xr 
-7X ^ -/XI/- y Sr ffiffl'^S . 




- — J-r— ** " 
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^^5„ /? - . ^y^A • T^-fcX • **»J • TWO 

*x ■ • ru-r (kit. • k» 

?<7^3:<ki>-*gl5*:tS#lU 

y;?"A ■ T7-fcX • • * Y •/>'Jttw*tJI&^"SWS 

. 77*At l zm&&tt~?Z*^Vmiz$>&z:b 

y^s. 

S4*£<kfc— ooStt/'ftS y? ■ • 

-tx • • 7W (kit. #t^ty • ri/'f ta? 

■?■*) k. 

7 co^fc < k L -ai *rfg^jL, fttf . xfr-tv? '? 
■ 79*zX • ^t'J • * v ■5»v'*C2fJ6'$"4BraB 

A • 7 • * *y ■ y *x a . 

473r< k <»— o*>fflE* ^'J ■TMC l J7l/7i' *®l 

[M*«3 1 m*«28ea<^iawa»^ * y seat:** 

v vc . '>£ < k i, -OtfHOTL* t'J-rH < k 



!f#ssjk -r s imms* * u sat. 

• 7y/A • T^-fex ■ x^'J • 7L"(« 

atr^tc . iwaawsiifc^ * y faster n-xt* 

•tx ■ /=£y • th (WT, *c^*y • ru-f k» 
-r*) k. 

^< k t — 3<?)l^ t y • Tt^f t^MlSWtt ^ifc i'i 

?<ryy%< kt>-»* tSlrtt. at^. xtr*?? • 5 
y^A • T^-feX .X^U • =*f-v •/ >-jLlc*t)tB^"^n'iI2 

® LXffiWrr*>m*-&ZM^- ? ?r Bfiev-'- ? • ^x 
±tcM^> , iWr < k t — o^Sttx^ r ^ ••/ ^ • -7 > r 
A • T^-bX • ^ty • ^v-y v'Ak, 

^< k t>— ocome^* y • ^y 7 ••/ 

-XtySIHkOfiJ-Cy 7U"yi^a!tllfW)RJWS:k &fc«> 

t=Kji«Ko«asiK^ * y y 7 1/ ■•/ ^i^±fs ^2: 

h mmwx * y ^stc^^-c . 

^ti^ • • 77tx • ^<t'j • ru-f <n 

atr Jtftc . m&Mi znrz* « y aatcr 7 -t x -c s 

fc t— o«SR^ + S y7 • • r? 

•tx ■ ^^y • ru>f (WT. *«c^*y • rn kft. 

1~S> k. 

^< k t>— - ?<503^ t y • ru-f KWief'Ht'bircaa 
?<ryJ>-%< k L-gB*r*SJAL. StA'. x^f- y -/7 • v 
^ -t 'j • r u >f (f>A t y fiS's^^ai u r 7 * x 

±C5^&. i!' %/ jr<kt — MSl7?f^7^ • 5>>^" 
A • T7-fcX • 'J • *T7i^at. 
^wfir < k h —onfflil* * 'J • 7* W lw U 7 -y -> ^ #* 
{ts£4»5r< k i> aiSWtWttS-'i-. A^- 'J 7 u ' 

£J?|comW0!&^ * y ^aCJUftl-S C k tc J: ►) y 7 1- 
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(18**6 ] 7 KUA • Axfcr-? • Axk£#-f 

^tsv? • yyyi* ■ r^-t-x- x^y ■ tkw 

-fc* • ■ TV A (WT, #lCX*y - rw kft 

-fft) k, 

• r^-tx • • *+-yi'xK*tiE-$-&ffifa 
**y • ru-f^^uaa^H^ajur^^ACjE 

±tci*ft . iKt< fc t-o^^i^^r -f >y 9 • 9 
A. ■ T9^X • -*^y • ^v/ii. 
^5: < k t —o&mtiX * y • 7W fc: y 7 U -y ^ xfft 
^Kjr<ttaiW«S*, SHU 7 1"? 

^s&fes fine* « y s^k Pffit lt sm* * y*sH 

KK*t <oii£ 3 >' h o - y \>z J; -? T Hfflfe $ * ft H (I 
^•$-^frfftJ:3 tSfrfl^TftsvyF • ra-^ 

smamsi^^yiiss. 

.xtyftSfc, r— * • AxiiiciiS&ixJt-y*— 

. fife* =t y fiaw=T^*^r § 

-t-A • ^'J • TW (WT, *tC^*y • TIM klfr 

•tft ) k , 

*<*>;J«fi:< fct L. X^-t-j • y 

• 7*?-bX • .X=E'J • ^f-r-y vjLC.*ffD"$"ft H'lIE 

y • r u 4 y (iS^lfc^aJ Lr^-fexciE 

®LXmil'frWifr&£tiKT-?£Mir : -? • Ax 
±.<,zmi . k k-otfOSf£x*r 7? ■ 5V/ 

4"=5: < k £> — OOWK* =t y THC^I/vya S)J 

ghtz + v T ■ -i ^~yMM^zmW)LX^< k £>— 

r>om%z* * y ^^-^ < k t — awx* * y 

v x * V- 9 m$ k £ S i & - k Sr# ® k T ft mfSEISS 



(000 1 ] 

S0S5^ « y 8SBt=BI^ & . J: 0 i¥ t < « . - tofm t 

X ■ ^-y750yH (enhanced bus turnaround: EBT 
TN (±, EnhaiKed Memory Systeue, Inc. .Colorado Spri 
ngs, C0(7)i$iMX'$>&. ) $>ffi!m!&?4 1~ 5 -9 9 ■ =>> 
fJx T?**' **y ("DRAM") SIStCML- *>trel 
WSHn-fc'o • /n'x • ^-yT^^y KCZBT") . ±M&< 
4Ty4 y (pipeline) • A— X l> (burst) • X^-r 
^ • 7y/A - T^-feX • **y ("SRAM") 
ttffl-t* Jt«)Bah$*l/S $/X-f-AC«*fCfS£-f * C k 

SDRAM^SiClSI-r h . 
(000 2] 

(K*^0««] ZBT«. *gtt*&*"r h<7-9 TTV 

^an=5:v , «r'f H y //W7n77f-f ( idle c 
lock cycles) arf^*^S<^^AO, ZBT SRAMIlr y 
K • -t-f ^;U$-i^*t, JS^IRcO^^y • A'yF 
Wmm^W^?^, ZBT SRAMf-V-C-f XtcKI-T ft ife'C^) 
7 U x ^ • 94^y? • >^y X—?\WM9 a ■/ y 
ff# (UlT. mcPHW^a-y^i:^'^ ) cr>ii-h±.tf>) 
fib® (yj *jy? •X.-yzs : rising edge) (W&XU 

Jil*>±* < yl2p a ^kt>v^a. ) tzmffitx<>^. 

(000 3] 

(%W { M^L-J:3k-rfti!KSi] -HKWt. SRAM r A f 
DRAMkifc^ftk. -f-^ • 7? tx;i 

®«*T(S*J.T V . DRAMtiJ^KBW^- y 7l/'/y j. itof^ 

k t'y M&ry =f-\~mm i k^Mk.-th , L^ti-** 
— lie?) h y yvxfb . ;<oi-5 y^'x^tcBUji 

X><i<? (BO^. 1T/1C) tfOA^IIfflL-rmtiJcS^tft .. 
m->X, jftMW^rSRAMrA-fXti. ftDRAMC.)^,k 

4 m±<?>v4 as« k 2 ft . IS^i > 

DRAM k PI !i^PS^SRAM{.± 5—10 »U(±«0l!Jt X I- 
, "?(C. SRAMffiftg Sr < "f fit J . 93ia 3 

Xh*««<4*|SBI* f *4. 
(00043 

(pin-OUt) . ^'fSy/. &t^lS^sft/^ (Set : -t v 

RI/-J xhcrmM^m-'tz^y^yxv ■ ax • 
- y T -j +j y H DRAMr / ■< -f x £ ts fjt-f ft «, r 'rtt?i I ( r > 
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x-f h : MBit) tfy&fflU'O'^t*. .I<502W)xy 
/\yx K • ><Z • ■ -t'U Ali. Win 

m:ft*>*m&ttlKrt & - '>-*f A • * 

L»flawi*a*fifl!fcWU"C«. zbt 

[0005]fto-c. Z.<r>ft?ftr>TYVX ■ J<xtr- 

tciixtf, to 1 oco/^f tS7?-5 > '^A • 
7?tX • • TU"f UUT, ^tC^t'J • TV4 

tWth*m%tfhh) t . 1 1 1 -WX^f -f y 

? • ^y^A • T?-tX ■ ^^'J • vis * (UTF. 

at** -y^* £*?-*«*#**) t. nmm^fi 

[0 0 06] U • TU"f«i. TYVA • ><X± 

[000 7] •yi'xfct. ^<fctlO 

[00 08] 3 Site. I*»ffl*atfj#?li. 

mWiii* t 'J • rn^f-? • Tt-txizM&mfl 
.it ants** ♦ 

[0009] Z<?)WWM2 C0ffi&&mifcffl£.j:tltf, 
* -v v i'* t £ ZtlZtl'J?*}: < 1 1, 1 -;>ft£ €>fi!ltc, 3 

[0 0 10] ;W?yF • 7*3— s ■ 7 
V A iZ y 7 \y ■■/ v a ®J f£ fy-tt: < b i> il MWfcBHtt $ -ti.' 

im l x . Wf^mm^moM . ±) ; i« y ? v * * m 
'/tit L < u . < t i> i rxwmsnx ^ 'J • r u 4 <o 

b h 1 0^.) y 7 -y v* x • fi*J"s 9 £fxtt&<?>/r 



{ 0 0 1 2 ] 4fc. d^)3l^*3^*fai-tltd£(«t:J: 
U -f t v -v ^ 1 5: Wl-?^^ < t i> 1 ol i >o fill 

[00 13] :w?yH ■ T-'n-^aR^^ 

u-f (c U 7 U -y XA®jm«:r>=5:< i; t> iaWtB3i65-ti- 

«SIUS&^ * OmWlZ <J7U~, •> i^itfi-^*:-^ ^ S J: 

[0014] ifc. i<oj«^*4<o»a['5:lfticMCJ: 
*Uf, *l<0J8Fia^lfiWW)»^tR»«r. -^^W ■ 7* 
t y j. fc €• -eiX-eiX^-^^ i> 1 ofti S flU 
iz, 37yH -T-'a-raft^-f ^x^-w-^llil 

[0015] doa-?^^ • fa-^m^-f S v^' 
x*u—^HlWi. ^<ttlo<7)±a5<7)^-e'j • T 

& g 

[ 0 0 1 6 1 i«IWI«»5«IFaB:flWEMt=J: 
»l«0»»S:»JiK«<O*&i:rai«'Sr. 7* 
WMr/yiii Ztl% t tl&% < fc t 1 oft i & (111 

[0017] ;<03?yf • ■f-'3-^'3ft^^ 5 >^ 

$. v? ■ -Jx. *\s-9 Wh\t. c<n 0 y u is i.mvEt .h 
a y h o - 5 {C i o X t - H ft * 5r Sft iT & J: '3 i-M 
[oois] c:«3lW««6fir)*f)ifl4'*«nKPi|tc«t 
Ht^A^i'iiS Wfli'W< t 4> 1 o ft /: S ftli 

tC. 377 H • fa-W-f 5 y^ • £/x*L-- 7(!!l 
[0019] f3 -r^^ 4 5 > 7 • v : 

x*u-?®S&ii. ^4-< 1 1> i o<7)±K£c?.).x t y ■ r 

u-f iz y 7 u y f*MfFi:'Jr&< t afl»Wt=DH*& « "i 

r • ^-yivm^Kmmi'X'yt£< t l i -:>^±jd-f > 
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a ^ y ri"f (ryyts <th -unx * y &mzm v 

(0020] 

J: sx^Ayx K • y\'x • y ■ Tv v Y^M^kA 

[ 0 0 2 1 ] H4>. WtJittE^VN-y KcA- 
(-) jOTSfcOvSrvMUNi. Jjrau"OU:M*nlt* 

la^vvy mc/<— <-) /i<f+§^-ci^.fS?(ifaa^ 
<7>fi^--e<fc s . i^i . zcDBnmgtp-cw^ ••/ p- tcwt s a 

- (-) nttbKuz "T7t<7- a-" t'«HU-cab 
[00223 01 (±*t 'J ■ r><-f X 1 O^flMpilSrin 

•riSMHt$n«:«tt^o "/ ? msmx-b h .a * y ■ r 

a'U 1 0«i. mmtZMtHzMm**:') ■ 7H 1 2Sr 
CtfO^^U • TW 1 2»i^-f y? • ?>" 

*tr. £^«^#»»MtW'Cli. fr <a«> : row) 
t-/yil ^iSRAM^ty&^L-CVvt. SRAM*P A- -y 

(map) -fS^fc^SgT'^^. 
[00 23] ^t'J • t'UAI OiZitmm {i/V9u 
■j-X : synchronous) 7 V\sX • AX 1 6 £ 3 V ha— 

IV ■ /vX i 8m%ffi.*i\x^x . x^y • 1 o 
C«iHW!T P-'UX • Ax 1 6 CJ: o-CBU«AfiS*SA 
0. SM&tfSA4<&&$*l. 3 > l-o-;U - /<* 1 SKJ: 

0 lc*f ^ & r- * col&^fcb L ii Mi . jK#ftDQ 
Ax (r-^ Ax) 2 0^J;o-Ctf,bfL5.. 

V ( 3 5 : 0) SWLT^S. 

C 0 0 2 4 ] T F U-X ■ AX 1 6<0(l^(i, 

■i i2t*w*/3.\4 pwfti&nimim. ( * =e y & 

Mfci>^3. ) '\T7-*zA$:?rofcMZ, fflmVrM/ 
?i| ( 3 5>A : colun) r 3-/28 < 3 OlZiM&Ztl 

>x • ry/ (-fcyxUMalS) 3 2Wtu • 7H i 
2 >: N&fflf &*Vt (- »T . * v •/ x jl 1 4 £ ^ =6 U • T 
U-f 1 2fc*>R(CKX3ivr"*. >t'J • TH 1 2 
fr^aiAlBLx-^. A^t'J • 7M 1 2^co^ 

& jA<^ t" - ? immmyrp] t- f ■ ? •/ f - 3 6 1 r- 

^>^qJ1<7>»;a^(fiJ-C{i, ^fi:9l«orKUX^ (a.ldr 
ess ) t ifS|B#0C^r 9 * { . L#' L . CI it «b 7 H ^ Xt§?g 



o£o %&mmmx*mm-h z tit rzm&x-h % . 

(00251 tAi. W^ZixZXotZ. ■ t"A'{ 

xioil. a-?y k • fa-ny*^ ;y/ • 
-^t*rW-TS7'oy ^m8§. -r=5:^>*>, 37/H ■ t-- 
3-^^^" 5 ■ iSx.*V— ? ®1S3 4£ '&tJ , Z 
<50@S53 4ti» Jff'3-y / 2 8*>t,«b7 Iv'SA (Hi 
t/Miss) fI^5S^F$r*-r-5ff!!, ayb-tV • A* i s 

(00263 CtfO0S&3 4^c0A^fS^-tc{i. PIW^ o 
•y^ft^- ("CLK") 40. 77f</-D--;D^ 

• ■f^-T'/MI^ ("CKE" ) 4 2« T^T^-fy- Q- • 
f 7 r • >f *-://Mt# ("CEx" ) 4 4. TKUX • r 
HAVX/T^f-f/ ■ a- • a-KH-if- ( "A0V/I.D" ) 
4 6, mAitiL/T7T47 • n-WZ&frm^ ("B/ 
W ) 4 8 , r -f 7" • a- • y<-f N#§ iLA-f 4—7' 
;HI^ ("BWx") 50. T?r-4 7- a-£Ji4 
/Hl^- ( "G" ) 5 2. r^Jf — X (snooze) j • A 
7 ( "ZZ M ) 5 4 , ^ V y V y ^ * • »±(I# 

( "RINH" ) 5 6t~£tt. ZKh<r>m^Z^Xt,t, \k 

[0027] S'ltfOHJ/fef^T'ti. ^t'J • taV X 1 0l± 
T) t£ltX'&< . 7D- • X^- (flow through) ( "P 

r. 122) A^j«#ffloe>&*tf. 

[0 0 28] 37^F • fa-W^y/' vx* 

^ ( "RFLAG" ) 2 260fBl(C. 7?f^7 - C7-f#«tB7j 
flW-(T*lT") 2 4£ti57J^S. 

[0029] ^ * >.J • -rX-f X 1 OOT-^r f-7 ^ v 

'J jSffiWflal : latency) $:K#^--53t46«0. i^)S^l)l£AM 
rix^ 1 2 fcSRAMJf v -y i/j. 1 4 i: Sr^-r S Enhanced 
Memory Systems, I nc. W(^(^HiWHZ&'J< , Z (?) * X: 
>J - fA'-fXl 0*:, ft^W^HAEWTfi. 4IHCVO 
^^WfO^tU ■ TU--f 1 2fc/<y? lJt 04.5Kb<7)r? 

[00301 |31«l«*iJ^«iJ; O^mSlSe. S.t>'J: OMtA 

1 0(i. ii^/^t'^yyy^ ■ T^-feX • A-x I- • 

JfAstZWrat. Km-llzZW SRAH|5ItiScDttftg5r^-J- 
A<. LtftJf. ioSA'-xh (burst) 4>0>m\T-? 
■ V- mzn?&f&&M££ >)$><<r>vaffi$:mLX^ 

tUSW SRAN^f y9 — 7 x -MZ HMt h ZtlZ X *) . 

ffi&Lti.**:*) ■ t'<4 x 1 Otnay bo— ylzjz-o 
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[003 1 ] zoftwcoi&mmMmx'tes^'j ■ t><4 
x i o<±. *fflBW*>is*Ta*ai*K *-?vHW2 

2 i: x 'J - rfS^-ZZ 5 4 A?J * Hfet >T , ? a •-, 9 \t^) 
&*>±#9*fS& (rising edge) t'ffii^-C^A^&tf 

&-ty±w t )ym<,z-tv hr-jy (setup) ztiRt/fc- 

i\,V2tl&&m' i foZ>. ■ T:7-fe.XliADV/LDfI 

6te*5tf£^3r**y • TYVX (VNAR^fclW 
S ) XJi^-SB-C'PKt&^S. ^'J • Ote 

Fis.x#f&*4rfettr. ^y • fA-f* 1 0l±(5f^>fiM& 

ifl^rtan-r scttK . ^aitr-^ ( i/-f • r 

-?) ^Hf^S (f'JA- : deliver) A\ 









CLK 




h (register) "T6o ^"C^|S]^A^7tt^ t* y 
^^0^Ji^*?«e*ft*)^!? (T^^K: around) 
coir* hry^#IW^«»(*W«:#UT (S — h : 
meet) W£lt*utftte>ttV\ -T^^*>, B|lB$K:®j^ 


CKE# 


Art 


* n y * • <<*~-7)V : CKE#tt. 

4? <DK#, s r'<'<*\*9v y#?s:h (CLK) 


C£l# 


A* 


K^*aSn — K**tfcl* (ADV/LD # a — ) 


CE2 




*toT KV***o~K*frfcl» (ADV/LD # p — ) 


SAO, 
SAl.SA 


A* 


[*I#17 Kl^^ : CftbOArtte ADV/LDtttfT * r 
j-S- a -COB*, CLKco4*>±^9^"CW^ h 

CM»*B«r*L'CV»ftff* , U*ft6ftV\ AO fc AX 1* 



[0 0 34] f*2] 



if 4 9)V% \m$h C i: rt<-C£ -f . -o* ocytf 

•f x 1 0<O^ISfi^2 4ffl«0t*X$rt-^1S^* { ^> 
l>. • t><4X 1 OtZBT SRAMtO^</>Mr J j'-^. 

^-) iffi'bmizt *> . e^s:s<i, Jrt^#irc&- 

[0032 ] 02(i. 5 1 2KX 3 60fltJ£j: 1 M < 1 

W^^**SaSW"C«ft«Wt:>- ■ T^h (Pin-out 
s) C0f?i]*:^. Clil<5>b'v • T*7 h<7)t$ffl&2i 1 --jS 
4£feLT£>&, Na. H2i5.C/^l-*4 4'«ie¥ 

"r ti. v-xf A+tc^ia^t y • T^'-f^ i oa* 

[0033] 
[*1 ] 
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Z4-f 




ADV/UW 




UffLV^r Ki^Xtf^ciy* (CLK) <D&*>-fca> 


R/W# 




MH^^/Vd fcB U : ADV/LD#^T ^ 7 1 :/ • a — 

^.ttiu^-f ^>u^tt*9 BWx#trvttl&m£fr5* 


BW1#, 
BW2#. 
BW3#, 
BW4ff 




i?'— Aattf^i&WM & MPT 9 ¥4 -fMMt* 

DQO-8 tf>«r«WU BW2#r*DQ9-l7 brv«r*M» 
U BW3#te DQ8-26 tfVfcftJPb, BW4#ii 
DQ27-35 fcf^Srft9i^'l"^<» 


DQO- 
DQ35 




I/O : -/^X*fcW/J- »*5&** 

iNf * /HM UTf** CAS (MT KW^bo-^: 
Column Address Strobe) f»fcPMB#»fc;5*tfc«* | 



[00 351 



[*3] 
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E* 






G# 


A* 




WAIT# 




■ffSfctf)^ ;^!J • = ^h*~^Kf*«tt«£W 


RtNH 


A*> 




RFLAG 


A*/ 


*T5 : signal) fctf>*C{£fllSiX*o 


MODE 


A* 






A* 


,v' v •» 14 /\ a y -fx* si % zc- V>-r*Shffe'i~^) WAIT# 

tlx Bk^flj L» c w c v tW* « ' ' y ' v 


ZZ 


A* 








J<J]'<y'7r k*7 • ( + 3.3V), 






VDDQ 3.3V 2.6V <0 fcft 



[0 0 3 6] ft. 024'. NOi. ^$il4-wK®ar^ 

-r. 

1 0 0 3 7 I ^* U • A 1 0«±. Ss*ttmiWHM 

✓ <-r . DRAHi7) 3xhi msen^j^^i — 

# . fiGifeO ZBT SRAMr > < 4 A £ ffi 3 J; o t£St S Jtf: 
Xrl*iz!&8!,£i&-&-j-&£k1) il! fflX'hZ>. •*-"<= • r 
A>f * 1 Olilg&^&S* * 'JfiSfiJc ( Mil* 1MX1 
8, 5l2KX36^££tf) TlSit£U*S. -eU-C. £tf>X 
•t'J ■ t'UX 10^100 tryQFPS^^ y^-x. ZBT 

r x — /< — t ••/ b j fyr^l^fll, gt^Ji. Wh&fr 

fM^SlUlMtU. > • r^N'-f -Xl 0«*6 6HHz<?) 
7Q- • • SMPt- H h 133HHz«^M 7"yAV • 



2 4 soffit 7 5 ^JiiSj*^^ * 'J • ^ y i> a-/u -r 
-> a 1 4 1 i^ii Ufc 4 m<o.x to '<y?i- &tt* 1 0 

■ 7-U-f 1 2*tLt^t. CWciO^thL 1 S ^ 
(Miss) j -tM^/KO^vrDf--* — ^'fc. Ird^A l_l.il 
rt 7 h (Hit) j -»M ^yW-C^fiP^T^-t'^b . OliA 
M,** 'J • TU"f 1 2<?)l®^^ ( t H -7 y : hidden ) 'J 
71/y/j.^l'>'l > - A— At- ( current hursts) 

X ■ x ha — rWlri^^ • ^t- a ~?' ( "RAS-U-nA 
S" ) as . at^RKBT 'J f - - ^"jiSti . ?X^T >: t < f 
:/7-fy-t-F T« 2 ? a •/ 7 ii-tfOB^Ha-C^ 0 . v n 
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A7?4v ■ Z-VX'\tb9a-v9ft<nWm?&X'fo6 
£*\ 70- ■ x/t— ■ FX'\£*9 oy7#<7>j§jj£B# 

ia-c& *> ntnsM l> 7 y ^ * - -«m 7/k rwu r 
7-r v ■ =e— Htii5;o.y ^^was^ia-c****. 
7 q- • x;t— • K-cii 3 9 o * ^^amnrc 

^rt**^>M*w*t*ai b r t y h j im 

r *Sr$$J ( • *>x4 h : No Wait) <£fc*i. ** 

[0039] zcommmvit. h 

( 5-f h • h 5 yX 7?- - ^E— K : Write transfer M 
ode ) j <rM\%(r>n— YWHt ( o— K • Al^fy-f 
- : loadstratesy) #7r*>*l £TWDRAM+/M 

A-fX 1 Oli. (Sttfigav hn-^-IHWffcfcflMUc 
lf£jt:#>{;:. f"3?£$X (Always Miss) j 3f7-/ 3 y 

lzm$lX'Zh£o%y.3.-X (fuse) ■ ^syCJ: 
oT, M^fig&Mfc^-Xr- • i/-yxXT«Ol!Ki 

[0040] flrttfl^2 4fflCOt">-{iRAS-ta-CASil5iii| 

T7-bX®^ (Access Collision) M&} 
\s-<V\- constraints) , *) 7 U v is *Wtl£ (Refresh 

Colli si on ) mmcO V \-?tiMz&rt\ vCT?-fc 
g3R$*l"tv>€>£ k 2:. -S-0X«i:3ffi*n ( y?'-^ : sign 
al) ■tS,fztblzmmZiX&. £MtZtl*Kyh/§X 

t Mmmfrcoikfctm hit . m*as uxu:*s 

<M 7 A- (Read or Write Cycle) ttSUfflffiT 

ac »ait (f-v-c-^x • T7-fcxftMy#RfL -r&jbVWAir 

OrfzthWn-/? ■ T9-tX • OfSIfc:. ftfifS 

■^24ffl^b"y^'r-»f-h (asserted) S*tS. 
*>. t UI#«* u T9t< 7 • a-" -C&&fc£(±. <! 
Wylzsfrmxs'Oi ■■ o— A s 5-;t&;fc. ttft-^- 
A* "Tff-4 7 X'fo&bZlt. cco^yizmm 

>y r(Cct -vf^Stt. 3 V Nn-7*U b 54 9 Ltc 
imif^^'iU. -r^r^. JfA'V-fc-'/U (cancel) 
Wttlli&t,*^ (mist strike) ffifrKSTC'&S. :£ 
•ttOMAtbL r ;Xj (Read Miss) 
r 5 A j (Write Miss) 1M 7/t-WllSl't'f.is #{&1£JST 
-•f-y a (assertion : T^f" ■< / W:$il<i>;>: ) 
Wot. AMr-P'fX • *— \<[Z\i.2*M9tV. &tl 

7 a- ■ 7JV fc- N'Ctt 1 + M 77lCO[SJgg<OTrcd 

iSSg (Trcd : 4r*f flfiSHSia > . «&IA { iS 

$&«^tCU. *-ry (open) «t«S(C*&, T&fc 
. T 9 -t X*rftg$NR®£& & VUHnfttoT v f- v - ^' 

^5|?tCctr>T^$h.STrcdi!Sitdjlli.r. *t/Vh • 



[0041] ^-K{g#b , y (H2 ) a. mtfw&m 

{•7X9-) ttzii^m (X\s-7') V 7 Is • t 

j. • -e- KW>l7l/7yi ■ if-'f ^/t- (Refresh Cycl 
e) Sr^jJb-T^^. S)t«i*i l J7l/7i'* t-K 

Ci*^TI6T*6. RlNKfl^-5 6 (i7 Q-y ^ • ■ h 
^yyv'j y (clock high transition) £.Rfflt&. 

0 7U-? is ^.mstm^M. m±ztitz \s 7 u •/ > ^ • 

•t^ ^/Ki. W^tf U 71/7 • ^yf y^" • 

y^$r-fy^'J.Xyr- (increment) Zl£&Ztt> i 8\t& 

(back-to-back) D 7 U-y iSA^fis— >">"X*rg34&$ ti: 
4^J6fc:«ffl$iX*. RFLAG(t#2 2ffl{fi*t:>'«-* 

•cwAr-9--h$i-ts. -r^*>. t9t< ymmz* 

tlh. ^mV7ls yisjL ■ ^- W-t/U X{±, -c^Rl 
NHfI#5 6fflf y*- r-?x^-j (SSIi^-K) r^'-f 
XcORFLACfS^-2 2fflt*ytM-^^-l±T*) 0 . C^UJltj 

tryA^r-f-h^tT-i-cfc^iO, vx^- • t-v<yx 

W&Znh tZtbt/Z. , j7\svisx. ■ •*}■■< 9)\s^mh 'J 7 
Is-yissu - ^-r-'{~IWLT(i6 7 0 y7 (^^{±. 7o 
- ■ X)V- ■ ^E- h'T'ti 49V-/9) -ftcOWullrZ . t 

7 a y 7 ( Sftll. 7 a— • X;k- ■ KTU 3 7 r.7 

•y 9 ) ^jwraasug^ s i t tfx-% z> , z > t , 

'J i/A • T FU-X • \sisX9 . &1>'J 7 U-y >.:'- 

• ^.y-f y/ • WsfastiMW— ■ V t: y 
1- 1 * s fflK o T . RFLACff n 2 2 (C J: o T . — B¥«0 < 
xic-b^: ->"C . !)71/ -y >- 1 £ C i: A { "C * 

(00423 \i 7 \s -/ is a. ■ ^yl^SrlSDW-ft-TS fc 

t.± . i*ia; 'J7i/7 i/ j.<7)+;-.t'- h ic^-t-a f#ts*^ yf >r 

S T* o';,Kot, 16 f> -y 7-//* 6 & ?o y X r A 

•ciiC£of)?yti£- ( yy 3 y = solution) x-mtiz 

K-yXL&oX'hho. IV?— ■ *y ■ 'J -t y b HUB* 
A U"C, A7-- r /^f ixwer up ) iKfC ^ ? U- -y 5/ 
j. ■ T HyX • y ">*X^ t ')7\s -/isx- ^yn : '. v '/ 
■ ft -7 y 9 £ 'J ^ -y ht %> i. o iz ix I X v > , mktttiz 

(i. CW7— ■ 5fy • 'J -b y hti^T^t a-X' ( In 



(a 0 ) ) 0 1 - 2 S 3 5 8 7 ( P 2 0 0 1 - 2 858 



ses) fciff-A- (poll) L. ZLXftfiZWMZimm 
IZ&4 yV-fyx (Hi-Z) fcUiS. 
[004 3] WT(c. BEfflS<U:fflH^)««lco*R9l 

{0044] 77 *rXifr3§ (Access Col lision) : 
X—yyktc-oX^Z UlVVY ■ X-J'V : current! 
y open) DRAMXtU • TU'f 1 20V<V?l*]tf>SW:l>*T 
^T?-»s*SB# , *'*lM 77K 7?-tAffi3&!fig& 
SfflBWIHTrp (^rU^-^-^^ISI) . Trc 

(>\'y7 • *M 7vUO0#FaI) Z^'Trcd (ffMflJS®^ 

p B T ) & mmzmtz r<ot££m%im't > . '#^(t^ 2 4 

7-</--r-§ftl>. J**IJ • Tl"f 1 2£OJ51<0>'n'>'7 

A^r^-fexJiffiSBfcfc&i*. j:o-cf#tSfS-^2 4ior 

[00453 SKjf 71/7 J/* • ^— K (Automatic Re 
fresh Mode) : DRARXtU ■ TM 1 2<7>y7yy* • 
+r-(^/l/SS^{-^ : &'J ■ T><4Xl 0 J: -o ■cute- 
st . U 7 1/ •/ y* • If -f 7/1/*: fr 3 fcAftlnW 

m&ttZft±i*-&& (stalled) iJ7U»i/a# 
j£ ( V— KDy- : methodology ) & jgtR-^S^E— 
K. ji^*J ■ T'U X 1 0 tfZ<7)^- H TlWt^4 £ § 

6iey (c<otyfi. >vf • yowcrif— hSfufc 

t§ij7W y y a.<r>m 7 i^sft^ ) £ {£ffl-f i: l£ 
«k^Vf-f*/l"5r^"f Sy^KfflSWi. ^71/7^ 

£fL*: ^f-^^ ( • -f >-r^' 'J -r -f — : data 
integrity) t:«|t(=-4-&^tf>(C. tftg&Isl&GO U 7 U- 

•yy*£Htr*-6. RFLAGft^-2 2fflb'y(i, aSTJty 
fc&S. Ci7)t'y<a««i. ?7^-CORFLAG(I§-2 2 
<oaj*H J: ->"C . X^)RINHfi^5 6ffi 

b"y#Sg$j£ixT, ZtiW^m^-F ■ f'WA&M 

r?—. T ..,y> (power-up) lWf(C{.i, tJ]{ffl U 7 y y x a ■ 
7 F 1/ XtteX<T>* t U • <4 7> 1 0 tC-t: ••/ b $ ti 

(00461 7x I- • J-yX (Bui-st Sequenc 
e ) : f&frttS UX(iS* &*1M 9 /l/T-teffl $ W> 

tt#>4ii&H7 Y vxw—y-yx ( c: ^jfifc-^T 
i±. fltffrtS) . ^ t'J - r'Ux l O^^UiMi 
if*, t • ;*ry 3 yc<t o . h • + m 

rW.T«0WLA^ N '-7.b, -f4-;b*>. 4+M7H' 1 i/ 

-ryyvv- • ^-^i- . • -f y? 'J - 7"i< 

(interleaved) -A'-^h (IntelRv—Jry^) . S 
*YA9i\s • i/—'rv x s\'>\' • V . 8-fM ^/l/ • < 
9 1 1 j _7* k . a'-t. h . 1 2 S ^M 7 • ->-^ >' v- 



VIU- A-^h. X(il 28-f-f 7)1 ■• 4 y?'J-7 \< 

( 0 0 4 7 1 * r v y jl 3! ^(ifT* t7s/a ( Cache or 
Row Cache) : DRAM.X =6 "J • 7N L 2A f 7"U^A--> ; 

3tt'tU7)tCf«lfflt'|i«»J;d{;. DRAHXtU • Tb -f I 2 
(7jt'-y (7-f > : line) A^O-KtBifeSISAaiL 
^■gg^rSRAM * 1-7^14. * A: «i V X 9 , 
[ 0 0 4 S ] r -fc 7 h £ ^ti^ih ( x h y r ) fotr 
(Deselect or Stop Comaand) : !f#JgiO^ t 'J r'v-f 
.7. 1 OAt-OliLhtfDf" 77^ ^-7*/U ("CE" ) ft^ -l 
4fflt"yC<ko-Cr-t'U7 K -f^*>, XH-/7* ("S 
TOP" ) £*U ^OADV/LDd ^-4 6 A { 7 o ••/ 7 «0±-fe Ji/) J 

(T7f<7-Q-) t^^iKf. 
HB»S*i*iaiB**. r r -feU'7 h^r^i^co^T^w 
ys'-Xl- • ^ 7;U&f?it£ minX-T 
V-DRAH^-i/Srr'Jf-^-^S. «l^f&. ^t^ f 
/\M XlOli. LX{±#§ ii*«r4rt«-9-x. MIS 

A.'j7l/7yi*«^«it. T-feW^F (7.7y 

AW ) iKKoi^T'&S. 

[00491 70— ■ 7>/L— • ^e — 1' (Plow Through M 
ode) : ifir^-fea±27o -/ 7<0f#*>B#fat^7$tl 

^xio coiwp^— k. -X ^ u • f-'/<-f x i o ««je^ 

^ifeW-Cfi. ;M-K«l7a- • 7>/P- ( "v 
r)A*eyci->riMfflii»s. 

[00501 7-f 7' • • X yi>' (Live Clock E 

dge) :$T<fr. TVVX. m/T-9^itm^Z t/p 
tB*SMixA^«07a 7<50A^Ji/>* 7' • 7 
D y 7 . WmttiJl ft-§- 2 4 ffl t'^tc i -o "C. ^ M 7' 5 
^ y . t _ Ktli 1 7 n y 7^'l#*>H#fSK 70- • 
- • ^-KT-(.i-y'aW{#/ol^PaTC7 77'' (flag) $^1 

[005 1 1 D-H (Load) : SRAM* v y yj. 1 4 fiWi 
yjvT) r$xj (Ijg^tUL r S7,| . r 57, j ) 

•M?;K'a-l ; cit» . *V ■ f--/ 7'Tlfe(S$^S^ 
-g- s • Uiy'X^fcSRAM^r •'/ yi 1 4{i?J?"/7h A> M 
ivfjxna- ¥ ■ 9 ib'V&WttilWfivt— t' S/tS > 

[00521 #'|)jy 7 U -y y a • H (Manual Refre 
sh Mode) : 7 C3 •/ ^^±«<0«l«tCRINH(t^ 5 6« 

r-9--y a ytciO^To^^ey • rn 1 2«ou 71/ 

■y y a ^ABJStCSjRf $hV7U ■■/ y a ; f-?£ *r 

. X 1 O^t-KCfe*^ 

# . ( .ICO KJi . MODE b* y <y)«©.lc J; 9 ®W ? i I 
t>) . 70 y7«i*>±^ > /^*"C'RINHA7Jfi^5 6* 

r-f-y 3 vtcck o-cwks!**^*^^^ - '-' v 
y yyjLtiHif^iiS. c«c>«. x+-i 
Tlz£ -> X , X{i -i y I- n- 7tc J; -» t U 7 U y i/ .if.) 
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(00531 7*7 A >' ■ (Pipeline Mod 

e ) : 70- • 7.1V- • YTM&*tWZ& Jb 1 9 o 

%,&±.2 9u-j9<T) W-htiffl X'T 9 -fc X $ ft. * * * U • 
r/\M 'J ■ f*'W x 1 0</)t5?E<0 

(00541 7*'J f-v— ( Precharge ) : X ^ U • 7 
H 1 2<DDRAMtf)ff£ffllyT. *?LVv«f4 ^yUffltCDRAM 
vvy^SrJffig-tSjfifl (ro-feX : process) . -S.7* 
*ft.«ib6&*±-C*-$\ Pit 
Ay 7 /\.o#r L V >+K 9 >V<nm&±mlZlzT $ ftfc I tft 

SWJJPM y* 'J -T'-ri.-f ?>MC4 o-CiS3ffi£it& 

izm< wm<r>9 n-,9 • va ftvx'fflnizti&t&iz, 

[ 0 0 5 5 1 tt» « L/« * ff t> ( Read/Wr i 
te Latency) (Trcd) TM 1 2 <!ODRAM-tf 4 

CioiiS^ralti. K^JUU r $Xj *4K*ttlL r t y 
r- j *tA 9Mzm-h%th#(f&Z&< -WSJS 
Aqe*3ft.* Cfctt. WMIt ^2 4ffljfl^fy5r^®^ 

[00 56] M^tiiLVA 9>V (Read Cycle) : 
^t«J • fAVX 1 OtfflUR&fl. ADV/LDff-Sf 4 6^T 
7-r -i T - ■ Q-T'&O . ^ffiL/S^Ji^- ("R/W") 

CA6m=BB*ffSft.. zrmmZT-fli.**') ■ f 
A>fX 1 0 frC>ffiA-&Zh.$>t&lZ. 1U1J'<A2 Ocotti 

^yiz^it>ntnm^A 9>v, -sjhwblim 9 

j\stfm!&$ti> frrm^KW-hVQffltfffitzZti&b . iff 
frmLy-i 9 /t-A 1 ' f 4s ^ 7 V- mf J: 9 ***** 3 *i6 *\ 
^ >(.i 4 y 9 'J - 7 tX v fft&fcb L £ fc J4«3 

Q*?4t»Jb#9«*»CK9&*ft. ( U b 'J -7' : re 
trieve) T . fflfl'^fciWfft.ttft&ft.*. lf&*SHl-lM 
^;UA J Rfl^$n/^B#KS3ft& ( 4 -->Y^ : initial ) T 

max ur b* u>u4. t x-x ■ a ycow&£. 4 

.x-t'J • rVH x l 0£4 0 ft&. 
WctJttsrFux • xxt±WTo(sift.*WN'- 

/W<b (T\ < V-9.mi.A , r-i9M%. Safc^jSUfc') . 

7 -f ^ - fcli^v ^) . 4 7 • -f V 9 'J ~ ^ K 
■ /i-Xh (IntelRi/— JrVX) . S^-f • 
>--> v/U • h . S^-< 9)V ■ -i V9 \l-7~V - 'N* 



-7, b . 12 8 +>• -f 7 /I/ • >■ V > -f/P • b . 

XJi 1 2 8 -9-'f ^;t-- • -f V 9 'J -7 H • N . R* 

JtJ L» r fc -/ h j (Read Hit ) *M 9ilX'hi , DRAM / -t M 

• TW 1 2tr?-tXii"f. SRAM^c-y a I 4*»*> 
ilC^T- ^ &BX OatJ . Sg^ffi L r 5 .X j ( Read Mis 
s) "t^f 7Ar-WtSm*&) • 7H 1 2C7?tX 

t . SRAM-f -v y is a 1 4 5: a- K t . -f" LX . SRAM^- a- 
•y^A 1 4A»fe-7*-**tt , )&X/tVfiia. DRAM.X t >J 

• TU-f 1 2Sr7*i;^Y-v : 'r-6, 

C0057] ISAiiiU rt-xH (Read Hit) : -TCH 
SRAM#r v ->a 1 4lCn-K*#lfcT KUX^L'C-Ji 

* { . €-/N'y7(C-0#&) (4. ffla^ilO* A* y v-a 1 
4 #n- H Sft/i t $(4(«rn#T't> . ft T h'UXtn- F 
-J-L-T. Th'UX • 7 -f— ;Ur-* 033^^3)5*// 

&$e.-?htzth1,z. SffiA-iLfrW 9ivmzTYV^im 
fimftZtiZ. -Sc^WtiSftfc*^*. ^*$ft/c 

0, <I<y>*i£-tCl4, DRAM/^U ■ TU"f 1 2 2rvSf-fclL;5 
•tir-SCt^^s ^vy^Al4*'<bfi^, giAtttL-t^f 
PH-trmfrtZ. .KTyZtlzX*). i")»^tilL7 

&Eisf-r & c a ^'as*^. 

(00581 fS^ai Read Miss ) : iffifiO «fc o 

r t y h j f{4^:Vv|Bri'LA><O^M5L^'f 

(00591 'J?l/7yi ( Refresh ) : Wi&lZiXf.: r 
— ^«35!^ (Xhl/ y/X : strength ) $: 'J X b r ( re 
store) -TS*:#>C0. rtMBCt/1'7 ■ 9 A ASftjfcDRA 

iEfifJT't4. (BJixA>6 4ins<y:}MSlr*ItC. ^<tMKf.)'J 
7l/»y^' +r-< 7^* S ^T (7/: run) $-£££-55 
t A -X. *^l4«i<0jigtRnr^^7'>'3>l- 

7i/T>A-u-bSJ:0 )I< OiK "CS r 5 .4 
0liZl.X{>X^, >J 7\y/isA • *tr4 9 Mi . ^-t'J ■ 
r'/^-f X 1 O-^lW-f KCJCt'C . 

y^jLi!:, Jfvry* 14<9f£^aJL7*;?*x. 
M-lb^><-'E: , J ■ TV A l 2'^0V<V9 • T9*:X</) 

i$mzummzm?ztti>\&&b?>x'. ntA,w.> > 
wis*. • «rA9Mt*vi ■ tvhx i oo:mmz'-j- 

LhA >'<9 Vktm^X'hh. 90t< fi/WWfSfr 
tt, RINHfI-^5 6ffl«0'.J 7 \s x ASIihtrySrPBffl^* 
C i: (••: 4 o T . 9 A 5 y^&SE-CS S . S i''J 'J 7 u y 
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10060] VyVyis* ■ TYVX ■ VI/X9 (Refr 
esh Address Register ) : 'J 7 V ■•/ Vz.£i\.& ^ 
'fi<r>T FVXZ&tsX b\ZX%hV~Jx,9 « Z<r>V~Sx 
7Ji, €if.t*A (W-T-zT: Power-Up) mzWM 
■ft £ *t S t ft C , 'J^U'yyj. #£1t § it &JK»K -f >- 

[006 11 'j7Ur/j.'<Vf<y/^ , »? 

(Refresh Pending Counter) : '.J 7 1<- y -> a 
qxry^vf ■ U7l/7^ • 1M 7>l'<7)3S$:/? , 7 
^b^S^^ffifflSft&rt ZWry? t>& 

l=il)j';7W-y^A • t-K-C'iljfPL-CV^^t'J • r 
/<4 X 1 0#. ffi*Wfc«v^U 7t"yS/A*jbKBIBCtt 
(tTjiS'S: r 7?'J- ("flurry") j U TV -y 

[006 2] l>7Uy^A®^ (Refresh Collisio 
i.) : y7l/ V i/ A ^JWc*6Ay7~'^7'7~-teX*D 

RAM^t 1 ; • rw 1 2.\,zm%t&wi\frW4 x/v, 

ffi&CDtfr&lZii.. ^t'J • TV 4 1 2 <0U7U-ys^Alft 
fp"t>tc. #<»{f^ 2 4fflb*> $:T-tf--b U7U 

[0063] 7 O y 9<niL*>}Ltf 0 Sf* ( Rising Edge 
of the Clock) : 7Q y^ • 4 *-7*/P ( "CKE" ) (t^ 
fflf V4 2^7?f-f 7" • a— Kfc&n$0>7n»/7 ("C 
LK" ) fS^-ffi 4 0 b' ycO(6r^A><7)3i*>±A { *) 381$ < y 
v) . CKE/a >( fl» 4 2^i ->X *7 SfLfc^Ov 7 

sftS, -?■ L*C . ^M^wiiSXIURtllv^i, £X 
(0^70 >y 7 • 1M ^MCOV^"C^SP7n y7CLK(I 
•^4 0 #7*7 t -f 7 • a-Kfc &*a^(CT&S*t& 

[00641 X'J-r-t-H (Sleep Mode ) : £'C<0 
\*-f .X AT) <!>' - • I" 5 ( power-gatai ) ( Z 
Zfi-^5 4 2rl^< ) . ^'J • 7H"f 1 2<9£:t:tf>DRAM 
/^>-7H7*l»-^^->''fc-fe^7 • 'J7l/7i/i3ft. £ 

/)>n.T Ir > £ ^- b' , X 'J - 7 • *z - KV)I X I- 'J ( en 
try) XXiX * — KA^-f b (exit) . 

cO^tt XWfr.* * 'J ■ f/WX 1 0 0)®Mf5<fc fcfSSE 

(00651 ^ 7* • U^'7,7 (Tag Register) : )1 t<a 



jl$*IT^&DRAMt ; --7<7)77' • T KUX5rtSlr1^&- 

^rh-w. • u^'x7 (Miif . • i 2 

<oOlSlft$it^rb:u7.. 4^{i77'l±, 0gAJliL X(i 
g#&*Ofc -y h/S X«»*»HW6fc»C*U- ^ I- 
■ Tl*VXb&MZtl&. 

(00661 »>a*-9--f (Write Cycle) : .Xt 
>J • -fysM 7. 1 0* : 5SiRS^, AOV/LDff^-4 6A { a- • 
K/PtcJ, 0 . 7 a y 7 cr>&*>±& *) «MtWAW^ 4 

S^a^ii. *>O0QAX2 OWATlt^^f*^^^ 
i». — fitf^ji^-^ 7;^B8ft&^^. troMiktzWh 
Wit t , a^-t-^ 7;u*«r -fe u 7 I- fit 
^•CJ: 7T«»3it4 A\ ^v%(i>[ V7 'J -/t^mA 

C07 a y 7^4*>±*< 0 HUitVK:. x-7lilR 0 

7/U* { §BS&$ii.& i: r»34&r H U^, \) ■ <4 

xioizmmztiz. m$t<&$&*TFvxtt. w 

mX'%h*7i/ 3 y<7)tt®:J:Ttt -y h$tiS"f'-i6^ 
^ib^v—7-yxtc^oT. y^ey • f^-f^iot 

xhh, -?%hh. 4^7/U- ■ 

(A2l±4f-<7/^. aOSt^O. A— 7*^-6 C 
iiiS:^) . 4-f^ 7^ • -f >'7 'J— 7*H • A— 7. h 
(IntelR>—>-yx) , S+M 7/U- v— TVl/** ■■ 
ys-7b. 8-9-'f 7/1-- -0-7 i ;-7'H • A-7. h . I 
2 8-9--f 77U • tr-Si/rfc ■ h . XJ± 1 2 8 

iM 7^ • A x7l>— 7* K • A- 7. h., KfBg'Sr^tif"! 
*K't> . S^ii^ rb -y h j -TM 7;Wii. ^ -t 'J • TV 
■< 1 2<n-7v-Xbft*-TVkffl>&LtzT7 J c73m 
*:%;ltZ>Zb%:<. KtcM^-CV^ (*-ry) DRAMN. 
- y(:f- 7 ^ fflilf* £ iitr. r S^j T< ? 

/U^tU • 7H 1 2KT7-fe7.U r -yv ju 1 ^1 
io-HL. iiiT&r-y^t'J • TU-( 1 

ru j r-r-> f AMy^y-7*-fs®^ii^ f t •■/ 

1- j 7/UCJ: 0®5^E^^1.'i•v^|ig^)l)f{AM.X t U • TV 
4 \2*7V}-v—'J-Th* 

[00671 b y h (Write Hit) : ImSO® 

T7-b7.T-»«.) DRAHff C 5 tl h ^SLM ^ 7 
/U, r t -/ h J 1M ^>H±. Hftfc»»a** 

9)Vtf\t o-^^Sh^W^^^X^m^i\.h\^t 
hzcry&f&ch . r t -y b j Ji. iK/ftpmi 

?&±-r^, f^.-^*>. <x.<»ig>£mz?*.. 



(*l 3)) 0 1- 283587 (P2001-2 85S 



MWLfcUHc) . &tf r t-y h j (BMHfr 
■f ) t*\ :«S*tf. atAttSU r t •/ I- J OTILTK 
KBKHLfcliKc, rt-y h j fie^»t\ 9E 

A* fc«MJJLfc"*WlflW** . r t -/ h j /> { *s 

Sfci:*. |«v^fW>7 , yf- J *— 5^MWE<S*t. *o. 

ffr'J**-5flC*4*. r t •:/ h j +T4 9lV 

r , j + v _ . ? 4 ? i\, tf jft 4 t L ± o <b ) # § a 
;Wi r b -y h j tc&fefcv^ifcSStt'&sfcS?*'** . 

[0 0 681SS&* $X (Write Miss) : BStCjg^ 

r t ••/ h j *JWta««>*S &*1M 9 

[0069] F (Write Transfer Mod 

e) ■.^^•y^^lAt79'^M^Th^4 9lVX'±M 
^ ^ : overwrite) f^S^-t'J • -rV\ 

[0070] KIT, 83*^^88 *#IHU-CIWW 
■5., Cfi^oUfc&wC. Ao-AstiTHW-Xft^ Q0-Q3 
U-f-^ffl^J (DATA OUT) ft#. D 3 .D3-D l7 {±-r-^A 
7J(DATA IN) (f^§\ "STOp-JiXh-yr-r^^^-f-fcb? 
h^^i". i/SCMWinv^H (Command) $T7jr?\ 3 
fc. 1cyiif4 5 y^JBIHfcnW. 

[007U5tf. CW«W<OSdSWIfc*5* . WwH 3 

(A) fcH3 (6) £#SBLTiil9i^&* (23 (A) IJ\ C 
*5*flfcWiUfc.**y • r'<-f* 1 OWV 7*7 'f v 

. _ H< 7)? ^ 5 y^-C* »).I3 (B) Ii7a 

^cOHCii, T9T4? ■ r n-Fj ATJfl-^M 

6 ("LD" ) . Wiy%^20. &.tfT7f-4 u-<7) r# 
mj tfc^ft^-24, 7 a-y^ fl# ("aD 4_ 

0 ICJI-T & fB^S: 94 *V?tT91-4 7'tt® fc & 
i*U H3 (A) 2U/3 (B) <t>. DQhittt. U 
1- • t ••/ h • +M 9l\/NfSfr<» 3 i'—fEftn. 
tfWWssti. y-F/9-f h-SA- tr-f ?*wa+« 



r-:7(S^*-*H\ y<-tt*««AIT(iiss)ii. U-F ' 
54 h • • +/M ^HWISMwOT^f-* 7 • o- • WA 
[Tfi^«r^-r. 

[0072] ifcvvC. £(Cl34tt. CcOj&HfllcJ; 4 x t 
ij • rVN'-f * 1 OKlWfcftWM?** 5 v?m-C\ -r 
/<4 X ■ V 7l> -/>> * ■ 74 i > 9%K LXV*6 ., x L 

•c, 5W>* 4 s vrmm vx . es-^s c t ti . & 

^teMilXO r 7'f T'J ?a<y? ("Live" clock) t7 

(,X^ y^ : Specification ) fjHASxtCASS®^!! (R 
AS to CAS delay time) izVt'j X 0 V ho— 
oTWifiil (throttled) f^K R.AS{.i. a 

V ■ 7\<\sX ■ Xho— 7' (Row Address Strobe) X'fo 
0, CAS (Coliism Address Strobe) X'hh > r ?4 7'j 

?u -/^(±#«Sm^fi^-2 4 (c <t . ^ 

Tv4v- Wife*:- h'lcMt-Cti. ftfeiSfrati 1 *n -v 

^^Dwna-c**. 7d- • xji- ■ Mfft- FKisau 

ii, r*#5W>«ai«— Hj "Cfft#L, an^^f r ••/ >• 
14(i. fi^ii^ r t -y h j fa— K£ft&. IS^ttiL- 
( y-V : Reads) ggAiii LHftEr'#»^2 4 «OT 

•t-i/g yc^<fiS)«^D -y ^ ^^i** 0 *»» - e7' 

i)+V—i?Ztl&. S^ji^A ( 5-^ F : Writes) i.J. S 
f^cor-^ ■ 4 ytzltl<*to9>9av90>±i>>±ti tv )H 

u -y ^jL<iaKfi^-4 o«i:^±^ O^T-r 7 r ■< 7' 

S^lt-r-'tcBULrii. U7U-/>^{± 
aeM?Wtf. ISIffiRINHfI^-5 6(C«t-»T^iii-?-.S. 

(i, RFLAGtt5^ri^2 2fflt"y(i, .l^)fi#2 2 A : W 
qg. _ tfe S ft!l<7)>< ^ • T'<4 X 1 0 coKlMtttf- 5 6 

lz£>), ■ f- y 7* • rrU r-ys vX'O&XO) 

[0073] 
[«4] 
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Trcd 


2 


I 




Trp 


2 


i 


& D 'V 4* 


Ttk 


min 7.6 j 


min 15 


nsec 


Tac ** ta 


max 4.5 


maxll 


msec 


Tac wait 


max 4.6 


max 11 


usee 


Tbs/as/ds 


miii 2 


min2 


nsec 


Tah/ch/dh 


minO.6 


minO.5 


nsec 


Trc rofreah 


6/5# 


4/2# 






2 


1 






4* 


2* 

2 


in A 


Izz 


2 
250 


250 


mA 



[0 0 74 1 M. Ctf^tfeWt, TcWi. 7uy? 
•1M?/W«SL Tac«* u tt, "WMWtehntwt 
■ T?-fcA«HIL Taef"tt. "HAirOfc*><0?n-y7 
• T?-fc>U$fSL Tcsli, fv7 • 4 *-7VU • -fe-y r- 
. T»/7*0?HSI(Chip Enable Setup Time), asfi. 7h'I/ 
X • -fc-y hT-yTWtSl (Address Setup Time) . dstir 
• * y ■ -t ••/ r-T-y7'*H5L Tah<i. * 
— VPHB^ia (Address Hold Time) . chli, f v7 ■ -f 
. Fl^ilfl (Chip Enable Hold Time), dh 

y. . 4 y . Kn#f§| (Data In Hold Tim 

e )\ Trc"» le4h <i. !/ 7U^*3!/jf1^WAy7 • 
?/W*|SL (Sleep Current C 

onsumption) . ImaxliilfefciSK'SS (Maximum Current 
Consumption) "C$>&. 

(007 51 iJCfc. M(CH5 (A) fcH5 (B) *r#&t 
TBWW-*. 135 (A) U. ZCOftWlZ^Z,**: 'J • T 
A-f X 1 OCOM'-T 75-( • -Kltf^— FT-fto-C. lalt 
DRAM* tUt'. 4>Br*«*S< . SrCWlM 7 

5 (B) W, 05 (A) fcPWfcilf1s**«*0>ZBT SRA 

iqcfjV»'C, igljfffli£?a£ 1 3 3MHzfc(R5£bT^S, 
[0076] 06 (A) tH16 (B) itmW^ftt 

Wth. H6 (A) (iC^J^Ci&^^'J • r'v-f X 
1 0«7O- • • »^-r-"C'«0. l5ltDP.AM.Xt 



6 (B) li. H6 (A) fcHttCB&fM-*til!#ZBT SRAMO 

[0077] Z.ttf>0MKMlX > ffi^05r#H3ttM 
HB tit flf fc R t tSt tct.± , [51 1 1 "C « 

yj.WIK^tWt'f ?)\s<7>nff*tf 0 70- 
. . ^-KKfcwc. S»m«adR*6 6MHzi:(S 

[007 8] actc. 07 (A) S-#B3fCSinfl-tS, HI 

7 (A) <i, c:^%Bjl^J:l..x ; 6 l J • taMxi 0f>ft 

o^A *y^*tTv\*. diif>^-^ sy^tiSJ^S 

[007 9] 07 (B) (±. ZOy^mzXh*^ T 
yqxiO^KWfW^'f sy^0T', i§|-"»'y 
fWy&MLtz (back-to-back) 
Sr^ttw>?,. ^^Sy^lli. |Slt7<y7^iiv» 

(008 0 1 ISli. C<0%«B^ ct t 'J ■ r ^' -f : ^ 
1 0 Mtmi*? A 5 y 1 2 HW>7 a -y ^ ■ , ^ 

& , 1?>? A 5 > yilti, 'J 7 U- -/ is a • + 7" ( ? 'W->t* 

(0 08 1 ] ±jifi^2ftH>lCfcV'«-C(t. itfMtfl^JHfllS' 

Lfcffl* ^ <m&vnw t/iA 5 . »K-W* ^ L ret.: 
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t *• iSftfC * Vfo h * icnXo j . mz % ti s 

ix^isi tmmfflMcr>wtifrztzu±x 

(@ l ] d^JMHtcJ: Sxy^y^ k • Ax • 9—> 
?mx'h&. 

(El 2 ] z<7>$m\t,zj:&**:y ■ fAMx^i^i^ 
&0©j£ffl<7)5 1 2KX 3 6 2: 1 MX 1 Sfi^T'tfOftSSW'i: 

(03] (A) ItZOiWftn* * V ■ t'<4 xa>> U 

754 >• impe- vx'<r>mwzm^hvmmts:-? 4 s 

• xiv~ ■ m^-Yx-mmzm-hftiib-thvtmft 
•^94 sv^at^i.. 

(114 1 -I^J&HJ^-t 'J ■ T'UAWf'U X ■ >J 
Vls - vi"* ■ 9-4 S- ^Sr^t-ftRW*?-* 5 V?mX' 

[H5 ] (A) lizcr>$ffl\enx*0 ■ r'U x<r»U 
7 =7 A V ■ h'tcisvvt 'J 7 W 

<. LA^tP— ma* ■ *v?X'£.Xcr>*t4 9Mfi 

COZBT SRANf'tfAa. H5 (A) tCTF^ftfclg ft*?* 

f£T'iOD;^tc^|vJ-SMJfi5-ra Vvm%94 5 y7'H-C*> 

[06 ] (A) <±C<7)^c7^t'J • fv"v-f7..<7>7u 
- • XIV- ■ m\tt— KCfcWC 'J 7 \s v is j.<P\8irt!Vk 



gozbt sraht'U x(o. me u) (.zm^ti/cmm.y^ 
wx'<rmmzm?m&-?h itrnw? a s ^ymx^ 

[07 ] (A) \ZZ<r)3mo>* t • r'N'-f xcomi 
Sv^B. (B)(iCi0^a^).X^ 'J • r'^xam 
(US ] Cco^qgco^ t 'J • 7-V\'-f X0BtM&&&*> 

l 0 : -Xtl/rV^X 
1 2 : • TU-Y 

1 4 : SRAMJf-^ /i'i (ff (a-7) • 4f ••/ ^ a ) 

1 6 : mmr^ux ■ J<X 

1 8 : ayhn-yl/ • 

2 0 : DQ • 

2 2 : 'J71/7>i' 7?7'(if 

24 : T-rT-jy ■ a-ftmim 

26 : •/<•>- 7r 

2 8 : (n^) • fa—jT 

3 0 : W (3?A) • 
3 2 : -tyxiJMaS 

3 4 : r?vyK • f-'a-^afi^W S^- : Jx.*U-9 

mn 

3 6 : t — 9 • 5 -/ f- 

3 S : r-^!/l)A" 7 7 7 

4 0 : fflM7n"/?im 

4 2 : 79-T4 7* • P- ■ 70 y ^ • -f ■=? — ~fiV-\Mft 
4 4 : 7*7 -f-f 7' • D- • f-/7 • -< -t— 77WI# 
4 6 : 7HUX • TY^>X/79 : f 4 7" • a- • u- 
1'lf# 

4 8 : ISg^ltS L/T7 f 4 7" • a- • mhihMt" 

5 0 : 7*7- r -f y • d- • ^<-f f- • -f 7*/KS'° 
52:T^T--f7*-D- ttl7JW *-7VWS^ 

5 4 : .Xi<-X • -r *-?Mm 
5 6 : 'J7l/yi -?M:fS-^ 
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- R«fm*h pycks- 
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(H71 




(51) Int. CI.? ISlf PI f-ra-K<#*> 

G 1 1 C 11/34 3 7 1 Z 



r.xy»^H, S0919. =? 

. Hf— • ^xxb 5361 
(72) *0B# 7"^-^ • f 0 —*s V A— 

T^'J**4RIB. 80919. 3 

;U • 1/— y 6565 



T* VftSfflB, 3Q?b'ffl S090S. 3 

d5K • 7,7'U v^x, u $ y h y - o- 

H 17070 
(72) 771/ • e- 9—X 

TX>)ft£%m. 3 0 S0919. 3 

□ 5 H • /oy'x •-/ !- ! ; 

5^7 3020 



